Work previously reported from this laboratory (Morgan, '31) showed that cereal proteins and casein subjected to dry heat or toasting were not so well utilized for growth and did not allow such favorable nitrogen balances as did the raw cereal and casein. Since the digestibility of the toasted pro teins was but little different from that of the raw, the dif ference in the value of the two could not be attributed to this source and so must have been due to the detrimental action of the heat on metabolic availability.
Work previously reported from this laboratory (Morgan, '31) showed that cereal proteins and casein subjected to dry heat or toasting were not so well utilized for growth and did not allow such favorable nitrogen balances as did the raw cereal and casein. Since the digestibility of the toasted pro teins was but little different from that of the raw, the dif ference in the value of the two could not be attributed to this source and so must have been due to the detrimental action of the heat on metabolic availability.
Ingvaldsen ( '29), Daniel and McCollum ( '29) , Maynard and Tunison ('32) , Schneider ('32) and Maynard, Bender and McCay ('32) have all conducted experiments on fish meals which were dried in various ways and have found that a high temperature used in the drying process was more detrimental to the nutritive value of the fish protein than a lower one. In a recent report, Fixsen and Jackson ('32) have confirmed the finding that casein suffers a marked decline in biological value as the result of prolonged heating even at 112Â°C.
Since meat is such an important item of food in our present diets, it was thought that a similar study of the effect of various methods of preparation on the nutritive value of meat would be profitable.
A large number of figures are available giving the protein value of different meats and edible animal organs, but little is at hand concerning the effect of cooking on these figures. When work was begun on this experiment, there were available the results of the work of Jarussowa ('29) and the first work by Scheunert and Bischoff ('30) . The latter workers performed growth and reproduction experiments to determine the nutritive value of a pure meat diet prepared from raw, boiled or autoclaved meat with no addition other than minerals and vitamins, and concluded that there were no significant differences among the three different groups. These investigators realized that this work was open to criticism because the high protein which they fed might compensate to some extent for deficiencies and make it impossible to detect injuries which may have been caused by the heating. Therefore, Scheunert and Venus ( '32) repeated the work, using both fresh and frozen meat, raw, boiled and fried, at a 10 per cent level in the diet. The results of this experiment, which were published after the present study was planned, again showed no significant dif ferences among any of the meats used. Scheunert and Venus, however, did not use autoclaved meat.
The work of Jarussowa ('29) consisted in feeding diets containing ground meat which had been left raw or treated in one of the following ways: 1) boiled in water from 20 to 25 minutes; 2) boiled in a tightly covered casserole in a special salt bath for 4 hours; 3) kept in a thermos for 5 hours at a temperature from 75Â°at the beginning to 66Â°at the end. The results showed no difference in biological value. Since Jarus sowa mixed 100 gm. of meat, treated in one of the ways given above, with 40 gm. of potatoes, 20 gm. of cabbage and 10 gm. of carrots, a mixed rather than a meat protein was studied.
The meat used in this experiment was bottom round of beef which was freed from connective tissue and fat and cut into 2-inch cubes. These were divided equally into four portions which were prepared in different ways. The first portion was ground raw three times and then spread out into very thin layers to dry. The second portion of meat cubes was boiled in single layers in water until the internal temperature was 84Â°C. This temperature was selected because previous work in this laboratory had shown that meat is thoroughly by guest on December 6, 2012 jn.nutrition.org Downloaded from cooked when this point is reached. The third portion of the meat was cooked in single layers in an autoclave at 15 pounds ' pressure for 7 minutes. This gave the same internal tem perature of 84Â°C. which was used in the case of the boiled meat. The last portion was autoclaved at 15 pounds' pres sure for 1 hour. All the meat portions were ground to a fine powder when thoroughly dried. The water extract or broth from the cooked preparations was saved and dried along with the meat from which it was obtained. Two types of tests were made with these four portions of meat, that is, growth and balance experiments.
The diets were made up as follows : Two drops of cod liver oil and 75 mg. of a yeast extract (con taining 5 mg. N) were given separately daily to each animal to supply the necessary vitamins.
Eats were placed on these diets at 28 days of age and their food intakes and body weight increases noted for the 6 weeks following. The results of these observations are shown in table 3.
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Six adult male rats were used for the balance experiments which were carried out in the manner previously reported (Morgan, '31) . Four 5-day periods on the same diet with dried whole egg substituted for the meat were included among these balances, two periods at the beginning and two near the end of the tests. The nitrogen excretion in these periods was looked upon as representing the endogenous level, follow ing the reasoning of Mitchell and Carman ('26) . Data on these periods are shown in table 1. Two balances were ob tained for each rat on each of the four meat diets and biologi cal values calculated from the results as shown in table 2.
DISCUSSION
It is clear that there is a decrease in nutritive value of the beef protein caused by all three heating processes used. This is greatest in the meat autoclaved for 1 hour at 15 pounds' pressure and about the same in the other two cooked samples. The latter samples, boiled and autoclaved 7 minutes at 15 pounds' pressure, were cooked to the same internal temperature, 85Â°C.,but this was probably exceeded in the sample autoclaved for 1 hour. The biological values (table 2) obtained by the balance sheet method on adult rats for the raw and autoclaved 1 hour samples differ by 11 Â±2.2, while the raw and boiled differ by 7 -Â± 1.8 and the raw and auto claved 7 minutes by 5 Â±2.1. The significance of the first mentioned difference is obvious. The injury to the protein appears to be gradual and progressive with more prolonged and severe heating.
By the criterion of growth promoted in young rats (table 3) quite parallel differences are deduced.
The raw meat is superior to all the cooked products, since each gram of raw meat protein eaten produced 0.78 Â±0.07 gm. greater gain than did that autoclaved 1 hour, 0.17 Â±0.06 more than the boiled and 0.14 Â±0.06 more than that autoclaved 7 minutes. The differences are in the same order and significant in nearly the same degree as are those shown by the balance experi ments. Since the protein intake of all four groups was nearly by guest on December 6, 2012 jn.nutrition.org the same, the growth differences observed may be fairly ascribed to variations in the nutritive value of the meat protein preparations. The actual total food intake of the group on raw meat diet was somewhat larger than in the other three groups but since the protein content of this diet was slightly lower than that of the others the nitrogen intake remained the same as in the other groups. There may, never theless, be some advantage gained for the raw meat diet through the larger average caloric intake. Both total and protein intakes, however, were nearly identical in the three groups fed the cooked meat diets but growth response in the animals given the meat autoclaved 1 hour was significantly lower than in the others. All of the conditions required for definite establishment of inferiority of the latter diet appear to be fulfilled in the three cooked meat diets at least.
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The digestibility data shown in table 2 indicate that the decrease in value of the cooked meat proteins is not due to a lowering in absorption since the digestibility coefficient of the raw beef protein is 97 and that of the cooked samples, 98, 99 and 98. The same observation was made in experiments upon heated gluten and casein previously reported (Morgan, '31 ).
An interesting difference between the biological value of meat proteins for maintenance and for growth when fed at this low level, 7 per cent, is seen in these data. The growth method of Osborne, Mendel and Ferry ('16 Casein fed at this level, 7 per cent, produces almost no growth, while the raw beef pro duced nearly normal growth. Cereal proteins were found by Osborne and Mendel ( '20) to afford gains of 1.4 to 1.8 gm. per gram of protein eaten at 5 to 10 per cent levels for 4-week periods, and casein 1.45 at 9.3 per cent level (Osborne and Mendel, '16 The objection may be raised that the total amounts of food and of protein eaten may be widely different on these differ ent diets and that the amounts of protein available for growth may be affected thereby.
Some of these data have been brought together in table 4 in order to discover whether this objection is valid. It will be noted that no consistent differ ences can be clearly ascribed to the rather small variations in intake. Thus a whole wheat diet eaten at the rate of 10.9 and 10.1 gm. per day allows growth of 1.2 and 1.68 gm. per gram of protein, whereas with intake of 7.4 gm. per day the figure is 1.58 gm. per gram of protein eaten. The conditions used for the two latter tests, however, are closely comparable with each other but not with the first experiment. Certainly both total and protein intakes recorded for the cereals by Osborne and Mendel ('20) are comparable with those of Hoagland and Snider ('26, '26 a) and with those here re ported for meat and yet the growth rates recorded are signifi cantly different for the two groups of proteins. (Mitchell, '24) , wheat gluten 83, (Morgan, '31) , wheat 72 (Mattili and Clayton, '30) , casein 71 and 66 (Mitchell, '24; Morgan, '31) . Beef round protein at 8 to 10 per cent level has a biological value of 69 (Mitchell and Carman, '26 ) and at 7 per cent level, according to the data here reported, of 67. All of these values lie in the same plane in contrast with the considerably larger growth figures quoted above for the meat proteins as compared with Comparable growth data for whole egg proteins appear not to be available.
It may be fair to state then that weight gains of 2 to 3 gm. per gram of food protein eaten are made by young rats when proteins of high biological value, such as meat, milk or eggs, are fed at 5 to 10 per cent level and that the gains are only 1 to 2 gm. per gram of food protein eaten when casein and cereal grains are fed. The corresponding biological values at 5 to 10 per cent levels for maintenance of adult rats are 93 and 85 or 89 for eggs and milk, 67 to 69 for beef and 60 to 70 for casein and cereal grains. Thus beef protein falls in the higher group for growth but the lower for maintenance. It should be noted, however, that the value 69 for beef was obtained by Mitchell and Carman ( '26) in experiments upon young growing rats.
An explanation for this curious discrepancy is not obvious, since the reverse condition might ordinarily be expected. The theory of McCollum and Steenbock ('12) of a qualitative difference between tissue protein synthesis and repair may be recalled in this connection. It is possible that the chief demands for amino acids in adult maintenance are quite dif ferent from those involved in the growth of tissues.
The synthesis of proteins of the digestive juices and of the in ternal secretions may make up the major needs in the adult and the value of meat muscle proteins for these purposes may be markedly lower than for tissue growth.
The reported inferiority (Nelson, Irwin and Peet, '30) of beef muscle for the support of lactation favors this suggestion.
These findings, if confirmed, may point to the validity of the popular impression that meat is less valuable to, and less AGNES FAY MORGAN AND GRACE E. KERN well tolerated by, persons in middle and old age than by growing children. Further studies are needed, however, ap plying the criterion of analyzed body weight increases to adult and the balance method to young growing animals.
EXPERIMENT WITH HORSE MEAT
A large sample of horse meat, lean round, became available1 soon after the beef studies were completed and was used for two series of similar growth experiments.
The rats ate this diet so well that it was necessary to reduce the protein con tent to 5 per cent in order to obtain intakes comparable with those of the beef experiment. The meat had been ground immediately after cutting and a portion was at once dried at low temperature to be used as the raw sample. Another portion was autoclaved for 1 hour at 15 pounds' pressure.
Because of the fineness of division it was difficult to obtain uniform penetration of heat during the autoclaving even though the meat was separated by tying it up in small cheese-cloth bags.
As is shown in table 5 the total food intakes were in all cases larger than were those of the beef-fed rats although the protein intakes were nearly the same as in the beef series 1Through the courtesy of Dr. G. M. Haring of the Division of Veterinary Science, University of California.
by guest on December 6, 2012 jn.nutrition.org Downloaded from except for the 6.7 per cent raw horse meat diet.2 Neverthe less, the gains per gram of horse meat protein were larger than in the beef series, 2.96 and 2.48 gm. gain per gram of raw and autoclaved horse meat protein eaten on total protein intakes similar to those yielding 2.58 and 1.80, in the beef experiments.
However, if level of protein fed be considered the gains on 6.8 per cent horseflesh were quite comparable with those on 6.7 per cent beef, 2.68 and 2.58. The higher value seen in the autoclaved horse meat series, 2.21 as com pared with 1.80 may be due to the less efficient subdivision of the meat during autoclaving.
These results on horse meat are offered chiefly for their possible value in current discussions of dog rations. STJMMAKY 1. The biological value for maintenance of raw beef muscle protein at 7 per cent level tested on rats was found to be greater than that of the same meat cooked in three different ways. The figure for the raw beef is 67, for that boiled at ordinary pressure, 60 (to internal temperature of 85Â°C.), boiled for 7 minutes at 15 pounds' pressure, 62 ( to internal temperature of 85Â°C.),boiled for 1 hour at 15 pounds' pres sure, 56. There appears to occur a heat injury to the protein increasing in severity with the length of exposure and the height of the temperature reached.
2. Young rats were fed these rations for 6 weeks and were found to grow best on the raw beef diet. The gain in body weight per gram of protein eaten was 2.58 Â±0.04 on the raw beef, 2.41 Â±0.06 and 2.44 Â±0.06 on the boiled and autoclaved 7 minutes' preparations and 1.80 Â±0.05 on that autoclaved 1 hour. The food intake was slightly larger on the raw diet than on the other three but not sufficiently to account for the extra growth seen.
2The assistance of Louise Kimincl in this part of the experiment is acknowl edged gratefully.
by guest on December 6, 2012 jn.nutrition.org 3. Horseflesh prepared raw and autoclaved for 1 hour by similar methods was fed at 5 and 6.8 per cent levels in the same basal diet to young rats. The total intakes on these diets were in all cases considerably larger than on the beef diets but at a comparable level the gain in weight of the rats in 6 weeks per gram of raw horseflesh protein eaten was similar to that for beef, 2.68. The autoclaved horseflesh yielded a higher value than the similar beef, 2.21 as compared with 1.80, due perhaps to poorer heat penetration in the former.
4. Attention is drawn to the discrepancy between the high values for growth of the beef protein, parallel with the best values obtained on other animal proteins, and the lower values for maintenance shown by the biological values, parallel with casein and the cereal proteins. This may be due to sharp differences between the mechanisms of the endogenous protein metabolism of growth and maintenance.
